ago, direct-to-implant reconstruction was the original method of breast reconstruction, but it was quickly supplanted by tissue expansion techniques and autologous reconstruction, both of which yielded superior aesthetic results with fewer risks. However, recent innovations, most notably the introduction of acellular dermal matrix for implant-based procedures, have prompted some plastic surgeons to reconsider direct-to-implant reconstruction as a viable alternative to two-stage, tissue expander/implant-based techniques. 3, 4 Particularly in cases of nipple-or skin-sparing mastectomy, direct-to-implant reconstruction techniques have proved useful in producing acceptable outcomes with fewer operations. 5 Despite its resurgence as a reconstructive option, use of direct-to-implant reconstruction remains limited because of concerns among some surgeons over surgical complications. [6] [7] [8] [9] [10] The appeal of direct-to-implant reconstruction is clear: a single-stage approach that can be performed immediately after mastectomy, providing well-established psychosocial benefits 11 and avoiding further surgery. For these reasons, increasing numbers of surgeons are offering direct-to-implant reconstruction. 12 However, prospective studies evaluating the outcomes of these procedures, compared with two-stage implant procedures, are lacking. Previous research has been largely limited to single-center/single-surgeon and retrospective studies that fail to control for potential confounding variables, including the use of acellular dermal matrix. Furthermore, patientreported outcome analyses are missing from most reports. Our study's purpose was to compare complications and patient-reported outcomes for direct-to-implant and tissue expander/implantbased reconstructions at 2 years postoperatively.
PATIENTS AND METHODS

Patient Selection and Data Collection
Data for these analyses were gathered as part of the Mastectomy Reconstruction Outcomes Consortium Study. Funded by the National Cancer Institute in 2011, the Mastectomy Reconstruction Outcomes Consortium Study is a prospective cohort study including 57 plastic surgeons in 11 major cancer centers across the United States and Canada. Study sites were chosen to recruit an ethnically, racially, and geographically diverse patient population. With institutional review board approval at all sites, the project enrolled women undergoing first-time breast reconstruction following mastectomy for breast cancer treatment and/or prophylaxis. Patients undergoing immediate implant-based reconstruction with 2-year follow-up from the initiation of reconstruction were included in our study.
Demographic and clinical information was gathered preoperatively and 1 week postoperatively from participants' electronic medical records. The data were uploaded by site coordinators into the Velos eResearch System, a password-secure data collection platform. Demographic variables collected included age, race, ethnicity, education, income, marital status, and employment status. Clinical variables included procedure type, timing (immediate versus delayed reconstruction), laterality (unilateral versus bilateral procedures), body mass index, lymph node management (sentinel lymph node or axillary lymph node dissection), radiation therapy, chemotherapy, diabetes, mastectomy type, and smoking status. Complication data were collected from the electronic medical records at 1 and 2 years postoperatively. For this study, 2-year complications were grouped into the following five categories: any complication, major complication, any wound infection, major infection, and reconstructive failure. A complication was defined as an adverse, postoperative, surgery-related event requiring additional treatment. Major complications were designated as those requiring rehospitalization or reoperation. An infection included documented clinical signs of infection subsequently treated with antibiotics. Major infections required hospitalization for intravenous antibiotics and/or explantation. Reconstructive failures were defined as complications necessitating tissue expander or implant removal. Data from subsequent reconstructive attempts using the same type of reconstruction after initial failure were excluded from our analyses.
Patient-reported outcomes were assessed preoperatively (baseline) and at 2 years after reconstruction. Participants completed a panel of questionnaires, including the BREAST-Q survey, which was analyzed for this study. The BREAST-Q is a validated and condition-specific survey designed for and tested in breast reconstruction patients. 13, 14 Surveys were completed online by means of the password-secure Velos Web site or, for those patients without Internet access, with hardcopy questionnaires. Participants were surveyed before reconstruction, within a 90-day window before surgery. If for any reason surgery was delayed beyond 90 days, the patients were contacted to retake the survey. Those patients who did not complete the survey within 90 days of their initial surgery were removed from our analysis. Surveys were then administered again at 1 week, 3 months, 1 year, and 2 years postoperatively. The 2-year survey results were used for the current analysis. Of note, the assessment times are from the initiation of reconstruction, defined by placement of the tissue expander or the implant. For purposes of this analysis, preoperative and 2-year postoperative survey data were evaluated. Patient-reported outcomes in the current analyses included four domains: satisfaction with breast, psychosocial well-being, physical well-being (chest and upper body), and sexual well-being. According to the Mastectomy Reconstruction Outcomes Consortium Study protocol, BREAST-Q data were not consistently collected for patients whose reconstructions failed. Therefore, only nonfailure patients were included for this part of the analysis.
Statistical Analysis
Initially, patient characteristics and complications were compared between the two procedure types (direct-to-implant reconstruction versus tissue expander/implant) using t tests for continuous variables and chi-square tests for categorical variables. For all analyses, patient was the analytic unit. To further explore the effects of procedure type on outcomes, separate mixed-effects logistic regression models were used for (1) any type of complication, (2) major complications, (3) any type of infection, and (4) major infections. Each model included an indicator for direct-to-implant procedure type as the primary predictor (with tissue expander/implant reconstruction as the reference category). Patient demographic and clinical characteristics were included as covariates, and random intercepts were included for treatment sites (hospitals) to account for between-hospital variability. Adjusted odds ratios with 95 percent confidence intervals were estimated by the model.
For patient-reported outcomes, mean scores preoperatively and 2 years postoperatively were summarized by procedure types. To compare 2-year patient-reported outcomes between the two procedure types, separate mixed-effects regression models were used for each patient-reported outcome measure. Each model was adjusted for the baseline value of the corresponding outcome variable and for clinical and demographic characteristics, and included centers (hospitals) as random intercepts to account for between-center variability. To reduce potential bias from nonresponse or missing patient-reported outcomes at 2 years postoperatively, multiple imputation with chained equations were used to create 10 complete imputed data sets. The regression models specified above were fit for each imputed data set, and the results were then combined using Rubin's rules. 15 All statistical analyses were performed in SAS 9.4 (SAS Institute, Inc., Cary, N.C.).
RESULTS
Of 1427 eligible patients recruited between 2012 and 2014, 99 underwent direct-to-implant reconstruction and 1328 underwent tissue expander/implant reconstruction. Clinical and demographic distributions between the direct-toimplant and tissue expander/implant reconstruction cohorts are described in Table 1 . Prophylactic (p < 0.001) and nipple-sparing (p < 0.001) mastectomies were more commonly performed for direct-to-implant procedures. Expectedly, acellular dermal matrix was used significantly more often in the direct-to-implant reconstruction cohort (92.9 percent versus 51.7 percent; p < 0.001). Radiation therapy (p = 0.04), adjuvant chemotherapy (p < 0.001), and axillary dissection (p < 0.001) were more common in the tissue expander/implant reconstruction cohort. The distributions of age, body mass index, and laterality were not significantly different between the two cohorts.
Bivariate analyses on 2-year postoperative complications are summarized in Table 2 . Complication rates were generally higher with directto-implant reconstruction, compared with tissue expander/implant reconstruction, although these differences were not statistically significant. Overall, 32.3 percent of the direct-to-implant reconstruction cohort and 26.2 percent of the tissue expander/implant cohort experienced a postoperative complication (p = 0.41); major complications were observed in 25.3 percent and 19.1 percent of the patients, respectively (p = 0.37). Surgical-site infection was found in 16.2 percent of the direct-to-implant reconstruction patients and 10.5 percent of the tissue expander/ implant reconstruction patients (p = 0.19), with major infections in 10.1 percent and 5.7 percent, respectively (p = 0.14). Reconstruction failure rates were 8.1 percent in direct-to-implant procedures versus 7.4 percent in tissue expander/ implant reconstruction procedures (p = 0.88). Similar results were seen in multivariable analyses (Table 3) . After controlling for baseline patient characteristics, direct-to-implant reconstructions showed higher complication risks compared with tissue expander/implant reconstruction consistently across the various complications, but the differences were not statistically significant. The adjusted odds ratios associated with direct-toimplant reconstruction were 1.34 (p = 0.26) for any complication, 1.40 for major complications (p = 0.23), 1.65 for any infection (p = 0.13), and 1.67 for major infections (p = 0.20).
We also evaluated the number of patients who underwent revision surgery in each cohort, and the average number of revisions per patient during 2-year follow-up. Among patients undergoing tissue expander/implant reconstruction, 34.6 percent received additional revisions following the expander-implant exchange. For directto-implant reconstruction patients, 28.3 percent underwent revision surgery after original implant placement (p = 0.20). There was also no significant difference in the mean number of revisions for the tissue expander/implant cohort (0.8) compared with the direct-to-implant reconstruction cohort (0.9) (p = 0.49).
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BREAST-Q are summarized in Table 4 . Before reconstruction, patients from both procedure groups reported similar baseline scores in all four domains of the BREAST-Q. Controlling for clinical and demographic characteristics, the mixedeffects regressions showed that sexual well-being was 5 points higher at 2 years for the direct-toimplant reconstruction group (p = 0.05). However, the analyses showed no significant procedure type effects on satisfaction with breasts, or on psychosocial, physical, or sexual well-being (Table 5) .
DISCUSSION
Although a variety of choices are currently available for postmastectomy reconstruction, implant-based techniques remain the most common. 16 Among these procedures, direct-to-implant reconstruction has become an attractive option for both patients and surgeons because it offers multiple advantages. By opting for a single-stage approach, patients undergoing mastectomy can forego tissue expansion and a second operation. The multiple visits required for expansions and the disability time from a second operation can be avoided. Whether because of surgical complications or because of adjuvant cancer therapies, the time interval between expander placement and exchange may be prolonged for some patients. In our study, approximately 20 percent of women undergoing tissue expander/implantbased reconstruction had still not undergone exchange by 1 year. This subgroup had a higher incidence of expander-related complications, which may explain, in part, the delay in exchange procedures. Predictably, patients who had not undergone exchange by 1 year reported lower patient-reported outcome scores. Thus, as a single-stage approach, direct-to-implant reconstruction eliminates the need for tissue expansion, the inevitability of a second operation, and the possibility of having to tolerate a tissue expander for a prolonged period.
Although patients are requesting single-stage procedures, surgeons may be hesitant to perform direct-to-implant reconstruction because of a perceived higher risk of complications, compared with traditional expander-implant techniques. Previous investigators have analyzed outcomes for direct-to-implant and tissue expander/implantbased reconstruction, but these studies have been limited by single-center designs or relatively short lengths of follow-up. 5, 17, 18 By contrast, the current study is multicenter and prospective in its design, includes 2-year outcomes, and controls for site and multiple demographic and clinical variables. When controlling for these covariates, we found no statistically significant differences between the procedure types for risks of overall complication, major complication, overall infection, or major infection. Although the differences were not statistically significant, the associated odds ratios did range from 1.34 (for any complication) to 1.67 (for major infections), in the direction of greater risks for direct-to-implant reconstruction techniques. It is possible that the lack of statistically significant procedure effects on complications is the result of type II statistical error because of the small number of direct-to-implant reconstruction patients. If indeed 25 percent versus 20 percent is the complication rate associated with direct-to-implant versus tissue expander/implant reconstruction, respectively, the difference would correspond to an odds Ref.
Ref. 19 but patient-reported assessments of satisfaction with reconstruction, body image, and quality of life are largely lacking. The use of patient self-reported measures is consistent with the continued emphasis on assessing patient-centered outcomes in health care 20, 21 and the impact of care on quality of life and general well-being. 22 Consumers want to know how these operations will impact their day-to-day lives (i.e., physical functioning, psychosocial well-being, pain, and body image). This knowledge can assist women in making surgical decisions that are compatible with their individual preferences and values.
Unlike two-stage tissue expander/implant reconstruction techniques, direct-to-implant reconstruction is a truly "immediate" reconstruction (i.e., it restores the breast mound in the same operative episode as the mastectomy). As reported recently for autogenous tissue techniques, singlestage, immediate reconstruction conveys measureable benefits, reducing psychosocial distress, body image disruptions, and adverse effects on sexual well-being. 23 Based on our findings, differences in patient-reported outcomes between direct-toimplant and expander-implant reconstructions may be less uniform: in our bivariate and multivariable analyses of patient-reported outcomes comparing 2-year postoperative scores between direct-to-implant and tissue expander/implant reconstruction patients, we observed no significant differences for three of the four BREAST-Q domains. The one exception to these findings was noted for the sexual well-being subscale, in which the direct-to-implant reconstruction cohort was significantly more satisfied than the tissue expander/implant reconstruction cohort in the multivariable analysis (beta = 5.0). Thus, compared with expander-implant techniques, direct-to-implant reconstruction produced comparable or superior (in the case of sexual functioning) patient-reported outcomes.
Despite the strengths of our study, including its multicenter, prospective design, our analyses did have some important limitations. Although we controlled for a wide array of potential demographic and clinical confounding variables, it is conceivable that our results could be attributable to the effects of unknown confounders. Specifically, there is no way to control for surgeon choice of procedure (direct-to-implant versus tissue expander/implant reconstruction). As we know, mastectomy skin flap quality (including thickness, color, and capillary refill) is evaluated intraoperatively, and the decision to pursue direct-to-implant reconstruction is dependent on the surgeon's confirmation that the mastectomy flaps are of adequate quality. Although a randomized, controlled trial design could better adjust for confounding, the prospect of randomizing patients to reconstructive operations presents logistical and (potentially) ethical barriers. As noted earlier, the relatively small size of our direct-to-implant reconstruction cohort may have led to some of our analyses being underpowered to detect statistically significant differences (i.e., statistical type II error). Although not found to be statistically significant in our study, the odds ratios indicated a possible higher risk of complications in the directto-implant cohort. With a larger direct-to-implant sample size, these might have been statistically significant. Finally, because 10 of our 11 sites were academic centers, our findings may not be generalizable to patients in all settings, particularly those treated in smaller, nonacademic centers.
Our data do not allow us to identify the "ideal" patient for direct-to-implant reconstruction. However, a better understanding of the relative risks and benefits of direct-to-implant versus expander/implant techniques can allow for more evidence-based decision-making among consumers and their surgeons. Specifically, patients and providers must weigh the potential psychosocial benefits and overall time savings against the potentially greater risks of direct-to-implant reconstruction. Given the logistical advantages of direct-to-implant reconstruction and the tradeoffs between its risks and patient-reported benefits compared with those of traditional expander/ implant procedures, direct-to-implant procedures may be worth considering for many patients.
